The lightest CP-even Higgs boson in weak-scale supersymmetry can be discovered spectacularly early, even from 1 fb −1 of data at 7 TeV LHC, if it decays to a pair of light Z , which in turn, decays to a pair of hard and "isolated" leptons. These Z must have infinitesimal couplings to light fermions in order to be consistent with precision electroweak constraints, while they have mild to moderate couplings to Higgs. Hence they are Higgsphilic. A Z with these properties appears at the electroweak scale in the "viable" gravity mediated supersymmetry breaking. We construct an effective model to extract the Z phenomenology. Even in a decoupled limit where all gauginos and sfermions are heavy and supersymmetry production is purely electroweak, we find that the Higgs boson as well as supersymmetry can be found early through the discovery of Z in samples of events with 4 and 4 + / ET respectively. Additionally, in cases where the Z is long-lived, we show that the trigger menus employed at the ATLAS detector to find long lived particles are capable of finding thousands of Higgs events from 1 fb −1 of data.
I. INTRODUCTION
The Higgs boson decaying to four hard and isolated leptons provides the cleanest channel (the so-called "gold-plated" channel) for its discovery. The only significant standard model (SM) background is di-boson (ZZ) production. Other, usually noxious SM backgrounds, such as tt, W/Z + jets, are negligible. However, the goldplated channel gets activated only for a relatively heavy SM Higgs boson (m h 130 GeV [1] ), when the Higgs can decay to four isolated leptons via ZZ * or ZZ. Unfortunately, in weak-scale supersymmetry, which remains the most well-motivated ultraviolet (UV) extension of the standard model (SM), the mass of the lightest CP-even Higgs boson is predicted to be 125 GeV for stop masses and mixings that do not exceed 1 TeV [2] . Higgses in this mass range decay dominantly tobb and are notoriously hard to find. Only by using sophisticated techniques such as jet-substructure can we hope to find the Higgs in this mass range at 5 σ confidence from 10 fb −1 of data [3] [4] [5] . The goal of this paper is to open up the 4 mode for light, supersymmetric Higgses. This requires extending the Minimal Supersymmetric Standard Model (MSSM). However, as we show, when the 4 channel is resurrected for light Higgses, the implications are spectacular. A tiny branching fraction of h → 4 can render the Higgs easily discoverable, even with 1 fb −1 of data at the LHC operating at √ s = 7 TeV center of mass energy. In many extensions of the MSSM, a pseudo-scalar (namely, a) can be lighter than the Higgs boson, and will mediate unconventional and exciting decay modes [6] [7] [8] . The simplest unconventional mode is a light Higgs decaying to four final state particles, though decays to even higher multiplicity states are also possible [6] . However, a has Higgs-like couplings, so it decays dominantly to the heaviest particles that are kinematically allowed rather than to light leptons. Typically, a →bb, implying h → 2b 2b, but there are corners of parameter space where 2m τ < m a < 2m b and a decays to 2 b are forbidden. In these corners, h → 2a → 2τ 2µ has been shown to be a viable discovery mode [9] . However, such ultralight a give rise to soft and, often, collinear muons, and are tricky to analyze.
In numerous recent models of dark matter [10] [11] [12] , as in hidden valley models [13] [14] [15] , a new abelian gauge boson Z is introduced. If the Higgs couples to these Z , h → Z Z → 4 is feasible. Unfortunately, Z introduced for dark matter purposes tend to be extremely light M Z ∼ GeV, making their decay products predominantly collinear and/or soft. The final states from h → Z Z → 4 do contain 4 leptons, but rarely 4 hard and isolated leptons. Though studies have shown that it is possible to extract the Higgs by looking for jets made entirely of collinear leptons (so-called lepton jets [16] ), these methods are highly sensitive to detector effects. It remains to be seen how well these objects can be identified and how well the Higgs mass can be reconstructed in a realistic detector simulation.
The introduction of a heavier Higgsphilic Z resurrects the gold-plated channel for discovery of a light Higgs. Specifically, this Z must be sufficiently heavy so that it remains un-boosted after the decay h → Z Z . Provided M Z 0.1 m h , the boost is sufficiently small and, consequently, massless Z decay products are separated enough to be individually distinguished in a detector. An upper limit on the Z mass comes simply from kinematics, M Z m h /2. In short, a Z mass on the order of the electroweak scale does the job quite well. A hidden valley with such a Z was recently proposed for the sake of involving the SM light Higgs to four fermions decay [17] . However, the structure of supersymmetry severely restricts couplings and arbitrary mixing of a generic hidden abelian sector with Higgs is not allowed.
The fusion of supersymmetry with Higgsphilic Z can do more than just facilitate Higgs discovery. In fact, combining multiple leptons signals with large missing energy, the result is an extremely clean channel for discovering supersymmetry itself. In the MSSM, multi-lepton plus / E T signals arise via cascades containing di-bosons or combinations of light sleptons and W/Zs. These rates are usually small, suppressed by the small fraction of cascades which contain W/Z. However, if a weak-scale Z is added to the model, we open up the possibility of large rates to 4 + / E T . In this scenario, heavier neutralinos prefer to decay to lighter neutralinos by emitting a Z . As all supersymmetric events must terminate in a pair of the lightest neutralinos (the lightest supersymmetric particle in this setup), a large fraction of all supersymmetric events contain Z Z + / E T , paving the way for many events with 4 + / E T . As we will show, the success of this channel is controlled essentially by the Higgsino masses. If the Higgsinos are light enough, the 4 + / E T channel can bring discovery regardless of how heavy the squarks, sleptons, and gluinos are.
Remarkably, a Z with exactly the desired properties is predicted in the "viable" gravity-mediated supersymmetry breaking model [18] . In this model, the flavor problem [19] [20] [21] [22] associated with gravity mediation [23] [24] [25] [26] [27] [28] [29] [30] [31] is solved -not by imposing continuous flavor symmetries [32, 33] or gauged discrete family symmetries [34, 35] to align the mass matrices [36, 37] -but by the emergence of an approximate and an accidental U(1) R symmetry. The complete model contains an additional gauged abelian symmetry (say, U(1) X ), which is broken along with the electroweak symmetry right at the electroweak scale. Unlike the hidden sector models, the U(1) X is completely visible to us since there exists electroweak doublets that carry X−charges. The coexistence of supersymmetry along with an electroweak scale Higgs-phylllic Z , ensures significant discovery potential for Higgs/higgsionos via the discovery of Z .
Instead of analyzing the full model in Ref. [18] , we construct a "bare-bones" model where we integrate out all particles not necessary for a discussion of Z phenomenology. The bare-bones model contains only the SM fermions, the CP-even lightest Higgs boson, Higgsinos, and an additional singlino. This simplified approach to models has recently been advocated in Ref. [38] .
Within current experimental constraints as calculated from the Tevatron results, we find that Z in the barebones model can be discovered easily in a sample of Higgs events (events with 4 ) as well as in a sample of supersymmetric events (4 + / E T events) easily and, thus, can pave the way for the discovery of supersymmetry and a supersymmetric Higgs.
We begin with a description of the bare-bones model in Sec. II. In Sec. III we show that the Tevatron data puts severe constraints on h → Z Z → 4 branching fraction, and on Higgsino masses. In the same section we also discuss the discovery potential of Z , Higgs, and Higgsinos at the LHC within these constraints. For readers interested in how the bare-bones model arises from a more fundamental theory, we show the mapping between the viable gravity mediation scenario and the bare-bones model in Sec. IV. Our concluding reflections are in Sec. V.
II. THE BARE-BONES MODEL OF A SUPERSYMMETRIC HIGGSPHILIC Z
We seek a bare-bones model with the signal • 4 : signature of Higgs decaying to 2Z → 4 .
• Inclusive 4 + / E T : signature of supersymmetric events with 2Z + LSPs → 4 + / E T .
The bare-bones model is not manifestly supersymmetric, but it should be understood as an effective theory of a fully supersymmetric and UV-complete model. More precisely, it is the effective theory of the viable gravity mediation. The particle content of the bare-bones model is listed below: 
In the above, B µ is the U(1) Y gauge boson, , g 0 , η, ζ are small coupling constants, and g X is the strength of broken abelian symmetry U(1) X . In the bare-bones model g X is weaker than the weak scale gauge couplings g Z or g W , the strength of interactions between Z or W and their respective current. The coupling in Eq. (1) dictates the amount of mixing between Z and B. Its effects can be unearthed after redefining B µ → B µ − Z µ . Such a redefinition, undoes the mixing but generates coupling between the hypercharge current J Y and Z . Consequently, non zero Higgs vacuum expectation value (vev) gives rise to an additional Z − Z mixing. Undoing the Z − Z mixing, we find an additional coupling between J Z (the Z−current) and Z [17] . The effect of the operator in Eq. (1) can be summarized in a following interaction that shows the couplings of Z with the SM fermions in a straight-forward way:
where g Y is the hypercharge gauge coupling. Since the parameter is constrained to be less than or in the order of 10 −2 [39] , as long as Z appears at the electroweak scale, the couplings in Eq. (4) have little phenomenological impact. However, the O( ) couplings do become important if the Z is kinematically restricted and can only decay via Eq. (4). In this case, while the total width of Z depends on , its branching fractions to various SM fermions do not. In fact, in the limit M 2 Z M 2 Z , the branching fractions are completely determined:
where q refers to all quarks and ν refers to neutrinos of all flavor.
Since the bare-bones model has been pointed out to be an effective description of a supersymmetric UV complete model, the Higgs boson h should be considered to be the part of a fully supersymmetric Higgs sector. We will show later in Sec. IV that when the bare-bones model is derived from the viable gravity mediation, the couplings of the Higgs to the SM fermions and the electroweak gauge bosons remain SM-like to the leading order of small model parameters. Higgs in the bare-bones inherits all SM interactions with approximately SM-like strengths. Its production is thus identical to a SM Higgs. The only difference in properties of the Higgs boson is that if m h > 2M Z , it can decay to a pair of Z because of the operator in Eq. (2) . The branching width of h → 2Z → 4 is quadratically sensitive to the coupling constant g 0 . However, because of the tiny total decay width of the lightest CP-even MSSM Higgs, even a small g 0 results in a large branching fraction.
Operators in Eq. (3) are also responsible for the decay of heavier neutralinos to lighter neutralinos with the emission of a Z . Note that, sinceÑ carries electroweak charge, it can be produced by Drell-Yan processes at the LHC, whileS cannot. Hence, realistically speaking, we must also assume MÑ > MS in order to generate any Z events. To flesh out what the bare-bones model predicts for supersymmetric events, we need to list additional interactions. These interactions do not involve Z directly, but have important implications for Z phenomenology.
The operators in Eq. (6) allowÑ →S +Z decay, however as long as M Z > (MÑ − MS) > M Z , the decay modẽ N →S + Z dominates. For other mass hierarchies, both the decay modes compete. Decays to Z are slightly suppressed because of a larger Z mass, but are enhanced in the small g X /g Z limit.
The last set of operators (Eq. (7)) provide an alternative path for charged Higgsinos (i.e.C) to decay to neutralinos,C →S + W . AsC andÑ are part of the same electroweak doublet, they are much closer in mass thanC andS. Consequently, kinematics suppresses C →Ñ +W compared toC →S +W , with the W in the former case often off-shell. Thus, neither chargino pair production nor associated chargino plus neutralino production will generate events contains 2 Z ; chargino pairs lead to W + W − + / E T , while chargino plus neutralino leads to W ± Z + / E T . As a result, the only supersymmetric source of 4 + / E T events is neutralino pair production.
Summarizing,
• The Z branching fractions to various SM fermions is completely determined given its mass. It has a large width to leptons and, hence, is easier to find in Z → 2 . Unlike Z bosons, the Z width to neutrinos is minuscule, suppressed by (
compared to the leptonic width.
• The channel h → Z Z → 4 is a clean channel for the simultaneous discovery of Z and Higgs as long as m h > 2M Z . For a given m h and M Z , the rates of 4 events depend only on the branching fraction of h → Z Z , which is governed by the parameter g 0 .
• Inclusive 4 + / E T is another clean signature to find Z along with supersymmetry in the bare-bones model. Provided M Z > (MÑ − MS) > M Z almost all neutralino-pair events contain two Z , and the rate forÑÑ → 2Z + 2S → 4 + / E T depends only on the mass ofÑ .
III. NEW PHYSICS VIA SIGNALS OF Z AT THE COLLIDER
In this section, we investigate the discovery potential of three distinct signals of the bare-bones model: (i) signals of Higgs in 4 , (ii) signals of supersymmetry in 4 + / E T , and finally (iii) signals of long lived Z in h → Z Z events.
A. 4 without Missing Energy
Unlike most collider studies of the lightest CP-even Higgs boson in the MSSM [40] , we seek Higgses produced via gluon fusion.
In the narrow-width approximation, this rate depends on the product of the production cross-section and the partial decay width of Higgs to Z . As mentioned before, Higgses in the bare-bones model carries all the usual SM interactions with approximately SM-like strength couplings. Hence, the production cross-section of the barebones Higgs is essentially the same as the SM Higgs production cross section,
The partial decay width of Higgs to Z depends on the coupling g 0 in Eq. (2). The strongest constraint on the decay width, and hence on g 0 , comes from the Tevatron. Even though CDF and D0 are not currently looking for h → 4 for a light Higgs, both experiments do have inclusive and isolated 4 searches, primarily to measure the ZZ cross-section at the Tevatron. The CDF search at 5 fb −1 is public [41] . They see 6 candidate events with 4 isolated leptons, among which 4 events are selected to be good candidates for the decay product of ZZ. One of the remaining events fits the profile of a ZZ → 2 + 2 τ event, where both the τ s have decayed leptonically. The last remaining event is curious, since at first glance it does appear to have stemmed from a couple of promptlydecaying resonances with a mass of ∼ 55 GeV. Although a single event can by explained away by a possible misrecombination of leptons, it remains to be seen whether the early runs of LHC and even CDF/D0 data at larger luminosity finds similar anomalous events in the same mass-window.
In this work, we impose bounds on σ h × Br (h → Z Z ) based on null observation of candidate 4 events. The maximum number of allowed 4 events at 95% confidence level (3.0) is translated into a cross section bound by equating the ZZ cross section measured by CDF (1.7 +1.2 −0.7 ± 0.2 pb) with four 4 events [41] . At 95% confidence level
where we have divided by the square of the Z → + − branching fraction of Eq. (5) * . The factor A rel contains the ratio of acceptances for ZZ events compared to Z Z events. We divide this ratio into three factors:
The a fiducial factor designates how often all four leptons from ZZ → 4 events pass CDF's tight kinematic criteria (p T > 10 GeV, |η| < 1.1, and ∆R > 0.4) compared to leptonic Z Z events. As the Z and Z have different masses and different production mechanisms, there is slight difference in kinematic acceptance. The second factor a 4 −cut is the ratio of acceptance for the total lepton invariant mass cut, m 4 < 300 GeV † , while * This procedure assumes that the Higgs width is small. However, for the range of Higgs masses and parameters we are considering this is a perfectly valid approximation.
the final factor a id accounts for any difference in identifying/reconstructing leptons (after passing all kinematic cuts) related to the origin of the lepton. We take a id to be 1 in this work. The total SM ZZ → 4 acceptance can be found in Ref. [41] . However, the quoted fraction (∼ 0.11) contains the id efficiency, which we have just argued should cancel in a ratio such as Eq. (11) . Therefore, to estimate a fiducial and a 4 −cut , we resort to Monte Carlo. We generate samples of pp → ZZ → 4 and pp → h → Z Z → 4 with MadGraphV4 [42] + PYTHIA6.4 [43] . These events are passed through the fast-detector simulator PGS [44] , then analyzed. Following this procedure, we find a kinematic acceptance of ∼ 0.2 for ZZ and ∼ 0.15 for h → Z Z . In the surviving events we next form the total lepton invariant mass and impose the cut m 4 < 300 GeV. Roughly ∼ 86% of SM events pass this cut, while -given that the four leptons sum to m h in the Z case, all Z events pass. The Higgs mass used in these samples was 120 GeV, though we expect identical numbers for all m h 125 GeV ‡ . Combining these factors, our derived value of A rel is 1.15. Plugging in to Eq. (10), we find that
Dividing by the Higgs production cross section at √ s = 1.96 TeV (at NNLO [45] ), we translate the cross section bound into a (Higgs mass dependent) limit on BR(h → Z Z ):
We can immediately turn these branching fraction limits into predictions for the LHC. We simply reverse the process used to obtain BR(h → Z Z ), replacing the Tevatron Higgs production cross section with the most recent calculation of σ(pp → h) at √ s = 7 TeV [46] . While this gives us the net number of four-lepton events, we still need to account for acceptance. We estimate the acceptance using Monte-Carlo events, generated as before. Events are kept if they contain four isolated leptons with p T > 10 GeV, |η| < 2.5, ∆R > 0.4. We check further that, out of these 4 events, there are two pairs of same-flavor, opposite sign leptons. After this procedure, we find that roughly ∼ 28% of signal four-lepton events survive. Combining these factors, we find:
(14) ‡ Numbers produced above assume relatively heavy Z . For M Z 15 GeV, a significant numbers of decayed leptons are not isolated. As a consequence, the acceptance of Z Z events decrease drastically with decreasing M Z . The Z Z → 4 events have essentially no standard model background. Di-boson production, pp → ZZ followed by ZZ → 4 , is the only SM process that results in 4 high-p T leptons produced in the primary interaction. Of the di-boson backgrounds, Z → e + e − and Z → µ + µ − can be easily recognized by looking at the invariant mass of the lepton pair, M . Provided M Z = M Z , these background events will be well-separated from the signal. Leptonically decaying τ ± pairs will have a continuous spectrum in M and could be problematic. However, the rate for this process is additionally suppressed by leptonic branching fractions of the τ and by cut acceptance. Each of the τ daughters has only a fraction of the τ momentum, so daughter leptons are less likely to pass the basic kinematic cuts than e/µ coming directly from the Z.
Other, reducible backgrounds in this channel come from the mis-identification of jets as leptons. Using the detector simulation PGS to model leptonmisidentification, we have checked the contributions in the 4 final state from Z( ) + jets, W W/W Z, and leptonic tt + jets. We find that none of these leave a trace in the signal region. Given that the probability for a jet to fake a lepton is, very conservatively, 0.1%, the small size of the reducible background is not completely surprising.
Combining the backgrounds with the signal, we show all 4 events in Fig. 1 . To generate the signal, we use a sample point, m h = 120 GeV, M Z = 55 GeV, and BR(h → Z Z ) = 7.7%. We first plot events in the M ,1 −M ,2 plane, where M ,1 and M ,2 correspond to the mass of the lepton pair with leading and subleading p T respectively. Fig. 1 clearly shows the cleanliness of the Z signal. For our choice of Z mass the leptonic Z background events are well separated from the signal and the total 4 invariant mass for each event finds the Higgs peak cleanly.
Both the Higgs and Z signals are extremely clean and clearly spectacular. By optimizing the lepton acceptance (by, for example, admitting lower p T ), it may be possible to increase the rate even further. While the signal above shows a h → Z Z branching fraction right on the edge of the Tevatron bound, slightly lower branching fractions would still lead to shockingly early light Higgs discovery. Even with a h → Z Z branching fraction as low as 1.4%, we expect ∼ 5 signal events within 1 fb −1 of 7 TeV LHC running -discover far sooner than with traditional lightHiggs modes like γγ or τ + τ − . Note that the signals and rates shown in this section apply to promptly decaying Z only. For Higgses decaying to long-lived Z s, a completely different set of signals, equally spectacular to those in the prompt case, are possible. We explore this case later in this section.
B. 4 with Missing Energy
Requiring large missing energy, in addition to 4 , gives us the ultimate clean signal. The SM ZZ → 4 events which constitute the only background in 4 channel do not survive a sufficiently large / E T cut. Such a clean environment is the ideal laboratory to study complicated signals, such as from supersymmetry. In the MSSM, it is hard to utilize this clean 4 + / E T environment as only a small fraction of signal events have the required ingredients (there, however, exists a class of models with suitably designed mass hierarchies that result in multi-lepton ET , which has no sizable standard model backgrounds. We have imposed a missing energy cut / ET > 20 GeV, which almost completely removes the Z events from the plots. The number of events is smaller than in the Higgs case because we have to produce two neutralinos, rather than just one Higgs, to get the final state we want. The MT 2 distribution was created using the true value of MS. The distribution begins at ∼ MS + M Z and has a drop-off at ∼ 160 GeV ∼ MÑ . The shape of mT 2 -something resembling a peak rather than a turn-on plus edge -is an artifact of the small mass difference between ∼ MÑ and MS + M Z . The tail of the distribution comes from events where a Z was attributed to the incorrect parent neutralino. The small clump of events around 180 GeV comes from ZZ background which survived the / ET cut.
and missing energy signals [47] [48] [49] [50] ). However, once the MSSM is extended by a Higgsphilic Z , many avenues to 4 + / E T open up instantly. In this section, we investigate the discovery potential of the bare-bones model in the 4 + / E T channel, concentrating on the following topology
As in previous subsections, we first use the Tevatron data (pp initial state) to constrain the production cross-section of 4 + / E T , then discuss discovery potential at the LHC in the allowed region.
There is no dedicated 4 + / E T search at the Tevatron. The closest search is Ref. [41] , the same 4 analysis we used to bound h → Z Z from Higges. While this search focused on exclusive 4 states, events with missing energy were not vetoed, so this search also limits Z produced from the decay of supersymmetric particles. Using the same logic as in the h → Z Z section, we can bound the production cross section of certain supersymmetric particles. Assuming that no events have been found at the Tevatron with 5 fb −1 of data, we find that (as usual, at 95%CL)
where the value 5.7 fb comes directly from Eq. (10) once the BR(Z → ) factors are removed. The A susy in Eq. (16) accounts for any difference in acceptance between SM Z → events and supersymmetric Z events. We have evaluated A sm /A susy using a set of events generated with a MadGraph implementation of the bare-bones model. We find the basic kinematic acceptance of supersymmetric Z events to be slightly higher (23%) than for Higgs-induced Z while the m 4 cut remains approximately equally efficient.
Let us assume that M Z > (MÑ − MS) > M Z . This choice of parameters ensures thatÑ →S + Z is almost 100%. It is particularly useful because, in this case, bounds on 4 + / E T can be directly converted to bounds onÑ masses. If the branching fraction ofÑ to Z is less than 100%, all our constraints are on production crosssection times the branching fraction.
If the splitting amongÑ andC is small, as is often the case, Eq. (17) also constrains MC. Another Tevatron measurement that is often used to constrain the color-neutral sector of supersymmetric models is the bound on tri-lepton/di-lepton + track production [51] . This limit is most constraining when the sleptons are light and charginos/(heavier) neutralinos decay to˜ + ν/˜ + , essentially 100% of the time. In the bare-bones model,Ñ −C decay to gauge bosons rather than to sleptons. Subsequent decays of gauge bosons do yield leptons sometime, but the branching fractions of W/Z/Z to leptons suppresses the 3 rate to well below the current limit as established in Eq. (17) .
Having established the Tevatron constraints on sparticle masses, we now show an example of bare-bones supersymmetry production at the LHC. The benchmark spectra we choose is M Z = 55 GeV MS = 90 GeV MÑ = 160 GeV .
(18) The results are shown in Fig. 2 . This point was generated using the selection criteria we used for the Higgs-induced Z signal at the LHC in Sec. III A plus an additional missing energy requirement / E T > 20 GeV. While unnecessary for Z discovery, the / E T cut is useful for extracting information about the superpartners. As in the Higgs case (Fig. 1) , we show the Z -pair candidates in the M ,1 vs. M ,2 plane. However we show signal and background events for 5 fb −1 of data at 7 TeV rather than 1 fb −1 . More luminosity is necessary since the supersymmetric signal is smaller -we need to produce two neutralinos to get two Z instead of producing just one Higgs. As each event contains two invisible particles, we cannot simply combine all leptons to reconstruct the parent Higgsinos. However, we can get some idea on the mass scale of MÑ by using transverse variables. The second plot of Fig. 2 shows the generalized transverse mass variable M T2 [52] [53] [54] for these events. The generalized transverse mass depends on the mass of the invisible particle (MS for the benchmark point), however for simplicity we assume mS is already known in our calculations. With this additional assumption, the endpoint of M T2 gives the mass ofÑ . If MS is not known, we could still get some insight into MÑ by scanning over a range of MS values and looking for kink features in the max(M T2 ) − MS plane [53] . More involved techniques will certainly require larger datasets. However, because we are using M T2 in a purely leptonic environment, this endpoint and/or kink features are less susceptible to initial state radiation or experimental smearing than in hadronic applications.
C. Signatures of long lived particle
Having surveyed the signals for prompt Z from Higgs and supersymmetric decays, in this section we address how these signals are modified when the Z is long-lived on collider scales. Before we begin, two comments are in order. First, the displaced bursts of energy left by a long-lived Z are highly exotic and free of any background; discoverability is limited solely by how often and how reliably such bursts can be triggered. Therefore, for this section we are not restricted to the leptonic decays of Z . Second, exploring prospects of discovery of Higgs via long-lived Z is highly detector dependent and a full simulation is necessary to extract a completely reliable number. Such elaborate work is beyond the scope of this work. However, an approximate estimation of the number of triggerable events in the ATLAS is feasible based on the report Ref. [55] . The total decay width of Z , and, therefore, the lifetime τ Z is sensitive on the value of . As long as 10 −7 , its decay is mostly prompt and the conventional collider studies in previous sections apply. For a smaller , Z can be considered as long-lived and will decay at some macroscopic, displaced distance from the primary interaction. Since we are interested in decays within the detector volume, we are restricted to 10 −9 , corresponding to a decay length of cτ Z 20 m. This number comes from Ref. [55] and was based on the requirement that a sizable fraction of Z decays are subject to various triggers designed to find hidden valley particles § . For even smaller mixing (or longer decay lengths), Z s mostly decay outside the detector. Occasionally, a Z with cτ Z 20 m will decay inside the detector, though any realistic chance of seeing these events involves analyzing a much bigger sample of data than the first few inverse femtobarn samples.
In Ref. [55] , a Higgs which decays mostly to 4 b via a long-lived hidden sector particle was studied, and the article summarizes the performance and efficiency of three triggers: (i) the Muon RoI cluster trigger (ii) the log 10 (E had /E em ) trigger, and (iii) the ID-Tracklessjet+Muon trigger. The trigger are each designed to find sudden bursts of activity in different areas of the detector: The Muon RoI trigger looks for activity near the end of the HCal or in the Muon Spectrometer, the log 10 (E had /E em ) trigger looks at jets from decays inside the calorimeters, and the ID-Trackless-jet+Muon trigger looks for jets stemming from the Inner Detector beyond § Specifically, at cτ Z 20 m, at least 20% of Z decays occur before the first Muon Spectrometer trigger plane in the ATLAS detector.
the first pixel layer and contains muons in the cone (b or c jets). , and blue(dashed) lines refer to events captured by the log 10 (E had /Eem) trigger, the "muon RoI cluster trigger" and the "ID-trackless-jet + muon trigger" respectively. We have assumed the Higgs mass to be 120 GeV and BR(h → Z Z ) to be 100%.
To estimate the number of triggerable events from the study done in Ref. [55] we concentrate only on the hadronic decays of Z as well as on the Z decays to hadronic τ s. We also assume that c−hadrons give rise to muons at the same rate as the b−hadrons. In Fig. 4 , we have plotted the number of triggerable events by various trigger objects at the ATLAS detector for m h = 120 GeV and BR(h → Z Z ) to be 100% at the LHC running at √ s = 7 TeV. The ID-trackless-jet + muon trigger is the least efficient trigger since c or b hadrons decay to muons only 15 − 20%, even though Z decays to c or b ∼ 27%.
We do not give a similar estimation Z decaying to leptons because of the lack of a detailed study as performed in Ref. [55] . Assuming a flat trigger rate of 20%, we find that around 1300 events per inverse fb will be triggered. However, a dedicated simulation is definitely warranted in order to estimate any realistic number.
IV. FROM VIABLE GRAVITY MEDIATION TO THE BARE-BONES MODEL
Having surveyed how supersymmetric and Higgs phenomenology are altered by a Higgsphilic Z , in this section we connect the bare-bones model to a particular limit of the viable gravity-mediated model of Ref. [18] .
A. Viable Gravity Mediation in a Nutshell
Firstly, let us point out the key features in the spectrum of the viable mediation that distinguishes it from a typical MSSM study point.
• Gauginos are Dirac: they acquire masses along with fermionic components of superfields in the adjoint representation of the corresponding gauge group [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] .
• Soft squared-masses of the scalar superpartners of the SM fermions are not flavor diagonal. There are neither a−type terms nor µ−type Higgsino mass terms and, as a consequence, there are no left-right mixings among scalar soft-masses [69] [70] [71] .
• Gauginos are typically heavier than all other scalars.
• The extended Higgs sector is charged under the SU(2) L × U(1) Y × U(1) X gauge groups which are spontaneously broken down to the U(1) em at the electroweak scale. The resultant spectrum contains the usual W ± , Z and an additional massive charge neutral vector boson Z .
In the remaining part of this subsection we discuss the Higgs sector in detail as we show later that the effective description of it gradually becomes the bare-bones model constructed in Sec. II. Below we have listed all the particles in the Higgs sector along with their charges:
We use capitalized letters to designate the complete chiral supermultiplets, small letters for the scalar component, and capital letters with tildes for the fermionic components of the same supermultiplet.
The superpotential in the model consistent with the charges listed in eq. (19)
where we have neglected the usual Yukawa terms. The scalar potential contains the usual squared-soft masses for all multiplets as well as new b−type soft masses because of additional vector-like chiral supermultiplets.
where field φ u,d runs over the set of fields 
B. To the Bare-bones Model
In order to extract the bare-bones model from the viable gravity mediation spectrum, let us consider the following set of limits:
The requirement of large tan β limit is more general than just to derive the bare-bones model. It is necessary in order to push the CP-even lightest Higgs boson above the LEP limit.
Gauge bosons, gauginos and matter superpartners
The Z -mass is given by:
The implication of a small g X in Eq. (22) is that M Z v s . In fact, since we seek Z at the electroweak scale, v s M Z , M W and all degrees of freedom at or above v s can be easily integrated out.
Also, note that at one-loop level, kinetic mixing of U(1) Y and U(1) X is inevitably induced from the loops of R u,d which carry both charges. This generates the operator shown in Eq. (1). The mixing parameter in the viable gravity mediation is given by
where Λ denotes the scale above which there is no mixing (for example, the scale at which a non-Abelian group is broken to U(1) X ). The Dirac nature of gauginos has a profound implication in the squared-masses of sleptons and squarks: the scalar masses do not get log-enhanced contributions due to the gaugino masses at one loop. As a result, the pattern of superpartner masses is quite different from the typical MSSM spectra. Gluinos are the heaviest particles and are significantly heavier than the rest of the superpartners. Other gauginos have mass comparable to the squark and slepton masses, which, in turn, are of the order of scalar vev v s . We therefore integrate out all gauginos, squarks and sleptons from the electroweak effective theory.
Scalar Higgs Multiplets
Next, we turn our attention to the scalars in the Higgs sector. The scalars in the superfields R u,d or T u,d do not participate in the breaking of any symmetries and get physical masses simply from positive mass-squareds respectively. We can easily decouple them along with squarks and sleptons.
Analysis of the neutral degrees of freedom in H u,d or S u,d is more involved, since all four states get non-zero vevs and mix among themselves. The gauge-eigenstate fields can be expressed in terms of the mass eigenstate fields as:
In the above, O 1,2,3 are orthogonal rotation matrices, G 0 and G 0 are the would-be Nambu-Goldstone bosons, which become the longitudinal modes of the Z and Z massive vector bosons respectively, A h , A s are the CPodd states and finally h, H, s, S are the CP-even states.
In the limits of Eq. (22), one also finds that the masses of the pseudo-scalars (A h , A s ) are greater than or in the order of v s , and there is minimal mixing between h−type states and s−type states. The mixing matrix can very well be approximated to be:
where by X we represent small parameters, the squares of which can be disregarded. As a result of Eq. (22) the spectrum of CP-even scalars contains only one field (h) with mass lighter than M Z at the tree level. In the limit that v s is large while the α and β parameters in Eq. (22) are O(0.few), both the scalars s and S are heavy. Similarly, a large mass of the pseudo-scalar A h implies a large mass for H. One implication of the large A h mass and the specific form of the rotation matrix O 1 in Eq. (26) is that the lightest CP-even Higgs scalar is similar to the MSSM Higgs in the decoupling limit -all its coupling to the SM fermions and the electroweak gauge bosons are SM like to the leading order. We additionally obtain the operator in Eq. (2), because of the non-vanishing 3−1 and 4−1 elements of O 1 (call them δ 1 and δ 2 respectively) with the coefficient:
Turning to the charged Higgses, in the limit of Eq. (22), they generically have masses similar to that of the pseudo scalar A h and, hence, decouple. In case of large mixing one of the charged scalars might become light in the order of the EWSB scale. However, for the kind of phenomenology we discuss, this is mostly irrelevant.
Charged and Neutral Higgsinos
Lastly, we come to the charginos and neutralinos. Expanding the superpotential in Eq. (20) around the Higgs vevs, we find the chargino masses to be:
Note that if either of the product α u sin β X or α d cos β X is bigger than the other, one of the chargino decouples. Without loss of generality we assume that α u sin β X α d cos β X and we integrate out the charginos
The Dirac charginoC in our bare-bones model is, therefore, represented byC
The neutral Higgsino sector is slightly more complicated, since we need to deal with eight (two component) neutralinos. However, because of the pure Dirac nature of the neutralinos, the mass matrix breaks up into 4 × 4 blocks. Each 4 × 4 neutralino mass matrix can be further reduced to 2 × 2 blocks since the U −type and D−type spinors are totally disconnected ¶ . Before proceedings let us specify the full neutralino mass matrix:
In the limit α u sin β X α d cos β X and β u sin β X β d cos β X , entire d−sector decouples and we need to worry about only four neutralinosH u ,R u ,S u ,T u . Also note that in the limit v s v, (implied by Eq. (22)) there is minimal mixing between theH −R states andS −T states, and the mixing can be treated as perturbation. The Dirac neutralinosÑ andS in the bare-bones model are then simply given as
With the mapping established in Eqs. (29) and (31), we can now derive the operators in Eq. (3) with the identification 
C. A Numerical Example
In the previous subsections we have outlined the limits in which the bare-bones emerges as an effective theory of viable gravity mediation. Following Ref. [18] , it is easy to check that the gauginos and the matter superpartners are heavier than the electroweak scale, and needs no additional supporting argument. It is slightly nontrivial to analyze neutral scalar Higgses (CP-even scalars h, H, s, S, CP-odd scalars A h , A s ), neutral and charged Higgsinos, and then to recover the bare-bones model from it. To demonstrate the mapping discussed in Subsec. IV B, we find a point in the parameter space of the viable gravity mediation and show numerically that it reduces to the benchmark point in Eq. (18) .
First of all, note that in order to fully specify the Higgs sector, we need four fewer parameters because of the four equalities that result from the minimization conditions ∂V /∂v 
The lightest CP-even Higgs h obtain a tree level mass of only 61 GeV. Large contributions to its mass arise due to radiative corrections from top-stop loop and neutral Higgs/Higgsino loop, which help it to avoid the LEP limit [18] . Next, consider the Higgsino spectrum: 
Considering only the particles with mass less than 200 GeV, we recover the benchmark point in Eq. (18) with the identifications as listed in Eqs. (29) and (31) . * * Because of the Dirac nature of gauginos, the D-term contributions to the scalar quartic are usually suppressed. In this work, however, we are assuming large squared soft masses for the scalar adjoints so that the suppression is negligible and we recover MSSM-like quartic.
V. CONCLUSION
The narrow width of a light Higgs boson ( m h 130 GeV ), makes its decays particularly sensitive to new physics. Beyond-the-SM particles which interact with the Higgs, can open up important and even dominant Higgs decay modes while still coupling quite weakly. This susceptibility to new decay modes is particularly prevalent in weak-scale supersymmetry, where the underlying supersymmetric structure forces it to be light.
The particular scenario we explore here is an extension of the minimal supersymmetric setup by a new and massive gauge boson Z . This Z has infinitesimal couplings to all matter, with the exception of Higgses and Higgsinos. Higgses in this scenario can decay to two Z gauge bosons, each of which subsequently decays to two leptons. Thus, with this small modification, we resurrect the goldplated h → 4 decay mode for light Higgses. For maximum effect, Z should neither be extremely light nor extremely heavy, a case which has been under-represented in Z phenomenology.
A Z with exactly the right properties emerges automatically from the recent, viable gravity-mediated scenario of Ref. [18] . Inspired by this model, we study Higgsphilic Z coming from the decays of supersymmetric particles, as well as Z coming from Higgs decay. For simplicity, and in the spirit of Ref. [38] , we perform these studies using a bare-bones version of the scenario in Ref [18] , which contains only the phenomenologically important part of the Lagrangian.
For prompt Z decays we impose bounds from recent CDF 4 searches [41] . Percent level h → Z Z fractions are completely consistent with all bounds and can lead to impressive and unmistakable signals, including 5 σ Higgs and Z discovery within the first fb −1 of LHC. We also discuss the possibilities for long-lived Z detection with 1 fb −1 of data. Within this setup, we also find 4 + / E T to be a superb channel for supersymmetry discovery. As a conservative estimate, we study electroweak pair-production of neutral Higgsinos that emit Z as they decay to the LSPs, leading to final states containing Z Z + / E T . As the Higgsinos need to be pair produced, Higgsino discovery in 4 + / E T requires more luminosity than the Higgs discovery:
5 fb −1 of integrated luminosity. However, given that the majority of all supersymmetric events will eventually cascade-decay into neutralinos, the total rate of supersymmetric events yielding 4 + / E T is potentially much higher than the rate we considered here.
